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ABSTRACT 



A receiver system for antenna diversity employing a single 
backhaul cable, A single backhaul cable couples a receiver 
to a plurality of antennas. The signals from the antennas are 
combined onto the single backhaul cable using frequency 
oflsets, spread spectrum code division, time division, or a 
combination thereof. At the receiver, the signals from the 
antennas are decoupled. In the case of the frequency offsets, 
the antenna signals are decoupled by splitting the backhaul 
signal into a plurality of duplicate signals, frequency shifting 
selected ones of the duplicate signals, and correlating said 
frequency shifted signals. In the case of spread spectrum 
code division, the antenna signals are decoupled by splitting 
the backhaul signal into a plurality of duplicate signals and 
demultiplexing each of the duplicate signals with a different 
spread spectrum code. One or more antennas may be 
selected for communication in response decoupling the 
antenna signals. 

25 Claims, 6 Drawing Sheets 
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ANTENNA DIVERSITY TECHNIQUES 

This is a continuation application of U.S. Ser. No. 
08/555,117 filed Nov. 8, 1995, which is now U.S. Pat. No. 
5,859,842, which is a a continuation of U.S. patent appli- 
cation Ser. No. 08/334,587 filed Nov. 3, 1994 which is now 
U.S. Pat. No. 5,742,583. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention pertains to the field of communi- 
cations and, in particular, to combining diverse antenna 
signals. 

2. Description of Related Art 

Signals propagating in a near earth environment are 
subject to fading because of multipath effects, obstructions, 
antenna nulls, and other effects. One known technique for 
mitigating fading effects is antenna diversity, also called 
space diversity. This known technique takes advantage of 
the fact that signal fading is generally not the same at all 
locations; rather, signal fading may vary rapidly at a given 
location due to changes in relative position of a transmitter 
with respect to a receiving antenna or antennas (some of 
which may be mobile), interference, signal echoing, and 
other foreseeable and unforeseeable factors. In some cases, 
for example, the quality of a received signal at a given 
antenna location may vary over periods as short as ten 
milliseconds or less, depending on factors such as vehicle 
speed (when communication is with a mobile unit. 

To mitigate the effects of fading, multiple antennas are 
used to collect energy at physically separated locations. 
Subsequent processing may then attempt to select a single 
antenna providing the best signal/noise ratio, on a dynamic 
basis. It is also known to combine energy from the multi- 
plicity of antennas to attempt to maximize the signal/noise 
ratio. 

Because antenna diversity relies on the fact that antennas 
are located in different physical locations, the antennas may 
be physically separated from each other and from the 
receiver by large distances. When the antennas are physi- 
cally separated from the receiver electronics, conventional 
practice is to run separate cables coupling each antenna to 
the receiver, called "backhaul cables". While this conven- 
tional technique may achieve the purpose of coupling the 
receiver to all of the antennas, it is subject to the drawback 
that when a physical separation between the antennas and 
the receiver is large, running multiple backhaul cables can 
be costly. For example, it is not unusual for an antenna to be 
separated from the receiver by as much as five miles. Using 
multiple backhaul cables to service multiple antennas over 
such distances may entail substantial expense. 

The need for multiple backhaul cables to transmit the 
signal bandwidths required by multiple antennas has further 
drawbacks as well. For example, there is presently a desire 
to utilize the existing cable TV infrastructure to provide 
various telecommunication and other multimedia services. 
Thus, backhaul cables associated with existing cable TV 
systems may be utilized to carry a variety of telecommuni- 
cations data including, for example, television, video, 
cellular, fax, voice communication, and other types of data. 
In many cases, however, the backhaul capabilities of con- 
ventional cable TV systems, which often have only a single 
backhaul cable available, are insufficient to handle the 
bandwidth required to support antenna diversity for cellular 
systems or other telecommunication systems. 

It would therefore be advantageous to provide a technique 
that minimizes the number of backhaul cables needed to 
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couple a plurality of antennas to a receiver. It would further 
be advantageous to provide a technique for increasing the 
amount of data that may be transmitted over existing back- 
haul cables having limited bandwidth capabilities. 

5 SUMMARY OF THE INVENTION 

The invention provides in one aspect a technique for 
antenna diversity minimizing the number of backhaul cables 
needed for a plurality of antennas. In one embodiment, a 

10 single cable couples the receiver to a plurality of antennas, 
and the signals from the antennas are combined onto the 
single cable. The technique for combining onto a single 
backhaul cable may employ frequency offsets, spread spec- 
trum code division multiplexing, and/or time division mul- 

15 tiplexing. At the receiver, the signals from the antennas are 
decoupled or otherwise separated. In the case of frequency 
offsets, the antenna signals are decoupled by splitting the 
backhaul signal into a plurality of duplicate signals, fre- 
quency shifting selected ones of the duplicate signals, and 

20 correlating said frequency shifted signals. In the case of 
spread spectrum code division, the antenna signals are 
decoupled by splitting the backhaul signal into a plurality of 
duplicate signals and demultiplexing each of the duplicate 
signals with a different spread spectrum code. One or more 

25 antennas may be selected for communication in response 
decoupling tie antenna signals. 

In a preferred embodiment, the signals from the antennas 
are multiplexed and demultiplexed using a spread spectrum 
communication technique, with isolation between the dif- 

30 ferent signals being provided by the use of different spread 
spectrum code sequences. Antenna diversity can thus be 
supported without substantially increasing bandwidth 
requirements for the backhaul cable. In one such 
embodiment, a spread spectrum bandwidth for the multi- 

35 plexed signals is about 10 MHz, and a frequency separation 
between the multiplexed signals is about 100 KHz. 

BRIEF DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 FIG. 1 is a block diagram of a receiver system as known 
in the art showing multiple backhaul cables for servicing 
multiple antennas. 

FIG. 2 is a functional block diagram of an embodiment of 
a multiple antenna receiver system using a single backhaul 

45 cable. 

FIGS. 3A-3C are frequency domain diagrams showing 
the overlap of multiple antenna signals in accordance with 
the embodiment of FIG. 2. 
50 FIG. 4 is a functional block diagram of another embodi- 
ment of a multiple antenna receiver system using a single 
backhaul cable. 

FIG. 5 is a diagram of a spread spectrum correlator as may 
be used in either of the embodiments shown in FIG. 2 or 
55 FIG. 4. 

FIG. 6A is a block diagram of a delay lock tracking loop, 
and FIG. 6B are waveform diagrams in accordance there- 
with. 

DETAILED DESCRIPTION OF THE DRAWINGS 

60 

Inventions described herein may be made or used in 
conjunction with inventions described, in whole or in part, 
in U.S. Pat. Nos. 5,402,413, 5,455,822, and 6,088,590, each 
of which is incorporated by reference as if fully set forth 
65 herein; 

FIG. 1 is a block diagram of a receiver system with 
multiple antennas as is known in the art. 
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In FIG. 1, a transmitter 114 transmits an RF signal 113 
over an airwave channel via an antenna 112. The RF signal 
113 is received by a receiver system 101 comprising receiver 
electronics 102 and a plurality of antennas 103. The anten- 
nas 103 are located at a distance from the receiver electron- 
ics 102. A separate backhaul cable 105 couples the receiver 
electronics 102 to each of the antennas 103. Each antenna 
103 is coupled to cable transmission electronics 106, which 
may comprise one or more amplifiers and filters, for con- 
verting the received signal to an IF signal or to some other 
format suitable for cable transmission as is known in the art. 
In these applications it may be necessary to convert the 
signal back to a format suitable for use by the receiver. An 
output of the cable transmission electronics 106 is coupled 
to one of the backhaul cables 105. Each backhaul cable 105 
is coupled to a port 107 located at the receiver electronics 
102. 

The system of FIG. 1 requires multiple cables 105 to 
service multiple antennas 103. Further, the system of FIG. 1 
requires duplicate sets of cable transmission electronics 106, 
one set for each of the antennas 103. 

FIG. 2 is a functional block diagram of a multiple antenna 
receiver system using a single backhaul cable in accordance 
with one or more principles of the present invention. 
Although the FIG. 2 embodiment is shown for convenience 
with two antennas, the described techniques are readily 
adaptable to an arbitrary number of antennas as required by 
a particular application. 

In the FIG. 2 embodiment, a receiver system 120 receives 
an RF signal 113 from a transmitter 114 (as shown in FIG. 
1), which may be one of a plurality of transmitters 114 from 
which the receiver system 120 may receive the RF signal 
113. 

The RF signal 113 is preferably a spread spectrum signal. 
A spread spectrum signal is characterized by, among other 
things, a bandwidth exceeding the minimum bandwidth 
necessary to transmit the data. To generate a spread spectrum 
signal, a data signal may be modulated with a pseudo- 
random code which causes the modulated signal to have a 
Gaussian distribution and to appear noise-like to those not 
knowing the particular code used to spread the data signal. 
At the receiving end, the modulated signal may be despread 
by correlating the received signal with a locally generated 
version of the spread spectrum code. Spread spectrum 
communication techniques are further described in, e.g., 
Robert M. Dixon, Spread Spectrum Systems with Commer- 
cial Applications (John Wiley & Sons, 3d ed. 1994). 

The receiver system 120 of FIG. 2 comprises at least two 
antennas 130 and 131 which are spatially separated. In 
response to receiving the transmitted signal 113, a plurality 
of antenna signals 140, 141 are generated by the antennas 
130, 131, respectively. Because the antennas 130, 131 are 
spatially separated, they may experience different fading 
effects and path losses. The antenna signals 140, 141 may 
therefore differ in amplitude and phase, and may also 
experience slight deviations in frequency. 

As explained in more detail herein, one of the antenna 
signals 140 or 141 is generally provided a predetermined 
frequency offset or displacement from the other, and the 
signals are then combined for transmission over a cable 152. 
At the opposite end of the cable 152, the combined signal is 
split, and an inverse frequency offset applied to one branch 
of the split signal in order to remove the frequency offset 
from that branch. As a result, the receiver simultaneously 
receives both antenna signals 140 or 141, and each of the 
antenna signals 140, 141 is overlaid with the other separated 
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by the predetermined frequency offset. The predetermined 
frequency offset is selected as large enough so that the 
signals are sufficiently isolated from one another, but smaller 
than the full bandwidth of the received signal. 

5 In more detail, as shown in a preferred embodiment of 
FIG. 2, it is assumed that the antenna signals 140, 141 each 
comprise a frequency F r The frequency Fj of a selected 
antenna signal 141 is provided an offset F 0 from the fre- 
quency of the other antenna signal 140. Preferably, the 

10 frequency offset F 0 is achieved by multiplying the antenna 
signal 141 with a signal (e.g., a sine wave) having a 
frequency F 0 using a mixer 150. The mixer 150 is preferably 
a single sideband mixer which generates, for signal inputs 
having frequencies of F 0 and F 1( respectively, an output 

15 signal having a frequency of either Fj+Fq or F-l-Fq, but not 
both. 

In the embodiment shown in FIG. 2, the mixer 150 
generates an output signal of F.,+F 0 . However, a single 
sideband mixer 15 generating an output of Fj-Fq may be 

20 used instead for the mixer 150, if the mixer 161, appearing 
downstream and described later herein, is changed corre- 
spondingly. A mixer generating both F^Fq and Fj-Fo may 
also be used instead of a single sideband mixer, but at the 
expense of more complicated demodulation hardware 

25 located downstream. 

Mixer 150 may therefore be viewed as providing a 
frequency offset of +F 0 to signal 141. The frequency offset 
+F 0 is preferably kept as small as possible but large enough 
to maintain signal isolation with the other antenna signal 

30 140, and its selection is described in more detail further, 
herein. 

The antenna signal 140 and the output of the mixer 150 
are combined by a summer 151. The combined signal (also 

35 called a backhaul signal herein) output from the summer 151 
is transmitted along the backhaul cable 152. Prior to trans- 
mission over the cable 152, the backhaul signal is preferably 
downconverted to an intermediate frequency or a baseband 
frequency, using one or more mixers, filters, amplifiers or 

40 other electronics and reconverted to a suitable IF at the 
receiver end (not shown). For example, the backhaul signal 
may be made suitable for transmission over a coaxial cable, 
fiber optic cable, or other type of transmission media using 
techniques known in the art. Alternatively, circuitry for 

4S converting the antenna signals 140, 141 to an intermediate 
frequency or a baseband frequency may be located further 
upstream at each antenna, at the expense of additional or 
possibly duplicative hardware. 

After transmission over the cable 152, the combined 

50 signal is split by a signal splitter 160 into two identical 
signals 166, 167. Signal 166 is input to a port 162 of receiver 
164 (e.g., a base station) for further processing. Signal 167 
is input to mixer 161. A signal (e.g., a sine wave) having a 
frequency F 0 (that is, the same frequency F 0 input to mixer 

55 150) is also input to mixer 161. Mixer 161, like mixer 150, 
is preferably a single sideband mixer, but performs the 
complementary arithmetic operation as mixer 150. Thus, in 
the presently described embodiment, mixer 161 generates an 
output signal having a frequency of Fi-Fo for signal inputs 

60 having frequencies of F 0 and F 1( respectively. 

Mixer 161 may be viewed as providing a frequency offset 
of F 0 to signal 167. The output of the mixer 161 is a 
frequency shifted signal 165, which is coupled to a port 163 
of the base station 164. 

65 The structure of the base station 164 depends in part on 
the type of antenna selection process desired. In one 
embodiment, each of the ports 162, 163 comprises a filter 
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170, 171, respectively, which may remove noise associated Accordingly, the base station 164 simultaneously receives 

with transmission over the cable 152. Signals 165 and 166 both signals 140 and 141, only one of which is centered at 

are thereby filtered and, if desired and not already done, the original center frequency Fj at either of the different 

converted to baseband signals. The outputs from the filters ports 162, 163. Hie base station 164 may demodulate the 

170, 171 are provided to spread spectrum correlators 172, 5 antenna signals 140, 141, if desired, before filtering them 

173, respectively, for correlating and despreading the filtered using filters 170, 171. 

signals. The outputs of the correlators 172, 173 may be At cacn port ifc, 163 of the base station 164, the signals 

analyzed by the base station 164 to determine the quality of 140 and 141 are despread and correlated by correlators 172, 

each (e.g., by determining the signal-to-noise ratio), and one 173^ ^ appropriate spread spectrum reference code, 

of the two outputs from correlators 172, 173 may be selected 10 anc j usmg techniques known in the art for recovering data 

for communication by techniques further described herein. modulated in the transmitted signal. Antenna signals 140, 

Operation of the FIG. 2 system may be illustrated with 141 are thereby decoupled for further processing. Suitable 

reference to FIGS. 3A-3C, which are frequency domain techniques for correlation and for recovering data from a 

diagrams showing the overlap of multiple antenna signals. spread spectrum signal are described, for example, in U.S. 

FIG. 3A is a diagram showing a received signal S centered is p at . Nos. 5,016,255, 5,022,047, 5,648,982, 5,724,383, 

at a frequency F a representing a signal as it appears at 5,761,239, and 5,790,591, each of which is incorporated by 

antenna 130 or 131. As noted previously, the signals appear- reference as if fully set forth herein, 

ing at antennas 130 and 131 may differ in amplitude, phase, ^n example of a correlator that may be used in the FIG. 

and slight amounts of frequency due to interference, multi- 2 embodiment is shown in FIG. 5. In FIG. 5, an input spread 

path fading, and similar effects. For purposes of illustration 20 spectrum 5]^ e g< e i tner 0 f signals 165 or 166, may 

and explanation, however, signal S shown in FIG. 3A is 5 e provided to a correlator 501. 

assumed to represent both signals 140 and 141 received at ^ 501 comprises a co Unt coatro l 530 coupled 

antennas 130 and 131, respectively. to a cbck gencrator 53^ WD i ch ^ connected to a code 

FIGS. 3B and 3C represent signals 166 and 165, generator 532 and reference registers 533. The code gen- 

respectively, as they appear at ports 162 and 163. As shown, eralor 532 i s also connected to the reference registers 533. 

each of signals 166 and 165 have components of both signals ^ ^de selection circuit 534 is coupled to code generator 

140 and 141 received at antennas 130, 131. For the purpose 532. The count control 530 controls the length of the 
of FIGS. 3B and 3C, it is assumed for sake of explanation particular pseudo-noise signal (i.e., spread spectrum code) 
that there has been no downconversion of the backhaul chosen by code selection circuit 534 to be detected by the 
signal prior to transmission over the cable 152. However, if 30 rece iver, and outputs signals to the code clock generator 531 
there is downconversion of the backhaul signal, the fre- which causes the code generator 532 to output a code of 
quency F 0 appearing in FIGS. 3B and 3C could be viewed } engt t, L to fa t reference registers 533. Count control 530 
as the intermediate or baseband frequency to which the triggers code clock generator 531 which thereby triggers 
backhaul signal has been translated. code generator 532 and first reference registers 533. Code 

FIG. 3B is a diagram showing the signals 140 and 141 as generator 532 outputs the particular pseudo -noise signal to 

they appear at the first port 162 after being combined by first reference registers 533 as determined by a code selec- 

summer 151 and transmitted over the cable 152. Signal 140 tion circuit 534. The code selection circuit 534 can provide 

originating from the first antenna 130 is centered at the signals to the code generator 532 which enable it to scan 

original center frequency F 1 as shown, and is unaffected by ^ through a plurality of pseudo noise codes. In operation, a 

either mixer 150 or mixer 161. Signal 141 originating from single code can be loaded into the first reference registers 

the second antenna 131 is shown as it appears at port 162 533 or, in a scanning mode, the first reference registers 533 

after addition of a frequency offset +F 0 from mixer 150, and can be periodically loaded with constantly varying codes 

is centered at a frequency of Fi+Fo. until a match to a received code occurs. 

Thus, port 162 receives the signal 140 centered at the 45 The input signal 511 is coupled to an amplifier circuit 535, 

original center frequency ¥ 1 along with an offset version of which may comprise one or more RF or IF amplifiers 

the signal 141 centered at a frequency of Fj+Fq. depending on the characteristics of the input signal 511. The 

Although signals 140 and 141 are shown having similar amplifier circuit 535 is coupled to a product detector 536, 

characteristics, it is assumed, as noted, that signals 140 and which is coupled to a local oscillator 537 and a low pass 

141 may have amplitude, phase and frequency differences 50 filter 538. The low pass filter 538 is coupled to receive 
caused by various multipath, fading, or other known or registers 539 and clock recovery circuit 546. 

unknown factors as mentioned previously. For the case of a correlator having a dual threshold 

Hie port 163 also receives offset versions of antenna capability, the first reference registers 533 store a first 

signals 140 and 141. FIG. 3C is a diagram representing the pseudo-noise signal, and the receive registers 539 store the 

output of the second single sideband mixer 161, and shows 55 input spread spectrum signal. The first adders 540 compare 

the same signals 140 and 141 as they appear at port 163 of each chip of the received spread spectrum signal with each 

the base station 164. Antenna signal 141 originating from respective chip of the first pseudo-noise signal to generate a 

antenna 131 is provided a frequency offset of +F 0 by mixer first plurality of chip-comparison signals. The first summer 

150 and an opposite frequency offset of -F 0 by mixer 161, 541 adds the first plurality of chip -comparison signals and 

resulting in a net frequency displacement of zero. Thus, at 60 thereby generates a first correlation signal. In response to the 

port 163, antenna signal 141 appears centered at the original first correlation signal being greater than the upper-threshold 

frequency F r Signal 140 originating from the other antenna level, the comparator 542 generates a first data-symbol 

130 is provided a frequency offset of -F 0 by mixer 161, and signal. In response to the first correlation signal being less 

therefore appears centered at a frequency of F 3 -F 0 . than the lower-threshold level, the comparator 542 generates 

Thus, port 163 receives signal 141 centered at the original 65 a second data-symbol signal, 

frequency F 1 and an offset version of signal 140 centered at In operation, an input spread spectrum signal 511 having 

a frequency of Fj-Fq. a data signal modulated with a pseudo-noise signal would be 
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stored in receive registers 539 and the entire length, L, of a capacity without loss of substantial information. In contrast, 

first spread spectrum code is stored in first reference regis- use of pure frequency division multiplexing, wherein each 

ters 533. Each chip of the input pseudo-noise signal is antenna signal 110 (as shown in FIG. 1) is transmitted over 

modulo 2 added by each respective chip of the first reference a frequency band having a bandwidth substantially the same 

pseudo-noise signal by first adders 540. This modulo addi- 5 as the transmitted signal 113, would require a substantially 

tion of the two signals thereby generates a first plurality of lar § er bandwidth for transmission. For a two antenna system 

chip-comparison signals which is transferred from first similar t0 2 > lhe bandwidth requirement for a pure 

adders 540 to first summer 541. Hie first summer 541 adds TO ^ transmission over a single backhaul cable 

the first plurality of signals to generate a first correlation woul ? £2? M u Hz > or th f bandwidth of the transmuted 

sienal 10 S1 8 na * * D case °* ^ antennas, the bandwidth require- 

* * ment for a pure FDMA system would be N times that of the 

The first symbol comparator 542 and second symbol transmitted signal 113 

comparator 543 are coupled to the first summer 541. TTie ^ FIG 2 em5odiinent may be emp i oye d in a spread 

comparators 542 543 have an upper-threshold level and a mm ffl ^ an M . ary techniquej wherein eacn 

lower-threshold level In response to the first correlation data symbo i ^ with a particular sequence of data 

signal being greater than the upper-threshold level, the first 15 ^ ^ fc K ^ b a uni d tfum code 

symbol comparator 542 generates a first data-symbol- For ex a lCj in a 4 . ary s ead spe ctnim technique, each of 

correlation signal, n response to the first correlation signal ^ ^ Wl nces 00j 01> 10 and u ( re f e rred to as data 

being less than the lower-threshold level the second symbols) may be represented by a different spread spectrum 

symbol-comparator 543 generates a second data-symbol- cod e (called symbol codes). Thus, in the transmitter, an input 

correlation signal. Data generator 547 thereby generates first 20 ^ { b& ^ of a phjrality of data symbols> 

or second data symbols, per the first or second data-symbol- eacfa Qf which results m the transmission of a corresponding 

correlation signal, respectively. The first and second data- bol ^ m such aQ M _ ary systemj the minimum 

symbol signals may be, respectively, 1-bit and 0-bit data preferred f reque ncy isolation of the FIG. 2 embodiment is 

sl S nals - 25 provided by a frequency offset F 0 of 1/pxTJ, where T, is 

The correlator 501 is intended to be an exemplary me transmission time of a data symbol. Such a frequency 

embodiment of a suitable correlator to be used in conjunc- ofiket should normally allow sufficient frequency isolation 

tion with the FIG. 2 embodiment of the present invention, 0 f tbe two received signals 140 and 141 at the ports 162, 163 

and it is understood that a variety of other correlators will 0 f the base station 164 to enable proper desp reading, 

also be suitable. 3Q j n a preferred embodiment, after despreading and corre- 

Returning to FIG. 2, at port 162, one of the antenna lating signals 165 and 166, the base station 164 may measure 

signals (e.g., antenna signal 140) is despread and/or the quality of the two signals 165, 166 and select one or 

correlated, using, for example, a correlator as shown in FIG. m0 re of the two signals 165, 166, thereby selecting one or 

5. At the other port 163, the other antenna signal (e.g., m ore antennas 131 or 130 for receiving the RF signal 113. 

antenna signal 141) is despread and/or correlated, using, for 35 For example, the base station 164 may measure a signal/ 

example, a correlator as shown in FIG. 5. noise ratio of each signal 165, 166, and may select the one 

As seen at each of the two ports 162, 163, the two signals with the best signal/noise ratio. The base station 164 may 

140 and 141 should not unduly interfere with one another, dynamically switch between signals 165 and 166, thereby 

and should therefore be isolated from each other, if the switching selected antennas 131, 130, as the quality of the 

frequency offset F 0 is sufficiently large. It will often be the 40 received signal changes over time. 

case that one of the antenna signals 140, 141 will be of better Techniques are known in the art for selecting one or more 
quality than the other, so that the antenna signal (for antenna signals to use for communication. One such tech- 
example, antenna signal 140) corresponding to the antenna nique is known as selection diversity, in which one of a 
with the best received signal (as measured, for example, by plurality of antennas is selected for communication, and is 
signal/noise ratio) will dominate the other antenna signals 45 used for communication until the signal quality for that 
(for example, antenna signal 141). Because of this antenna deteriorates. For example, the base station 164 may 
phenomenon, additional isolation between the two signals select signal 165 (thereby selecting antenna 131) for 
140 and 141, besides that provided by the frequency offset communication, after which the base station 164 continues 
F 0 , is provided by the inherent differences in the received using antenna 131 for communication. As a result of the 
signals 140 and 141. 50 comparison of signals 165 and 166, the base station may 
The frequency offset F 0 is thus preferably of a predefined make another selection decision based on the relative quality 
miriirnum size in order to maintain isolation between the two of the signals 165, 166. 

antenna signals 140 and 141. Within this constraint, the An advantage of using selection diversity is that only one 

frequency onset F 0 should also be kept as small as possible set of demodulation and despreading hardware is needed at 

to minimize the bandwidth requirements of the cable 152. 55 the base station 164. Thus, only one of the pair of filters 170, 

Thus, in a preferred embodiment of the FIG. 2 system, the 171 and one of the pair of correlators 172, 173 is necessary 

transmitted signal 113 is a spread spectrum signal, and the if selection diversity is used. In order to compare both 

frequency offset F 0 applied by the first mixer 150 and the signals 165 and 166, a switch may be used selecting between 

second mixer 161 may be as small as l/(2xCPI) Hz, where signals 165 and 166. One of signals 165, 166 is provided to 

CPI is the coherent processing interval of the spread spec- $0 a single filter and correlator, and the signal quality measured, 

trum signal 113. after which the other one of signals 165, 166 is provided to 

In a preferred embodiment, the spreading bandwidth is 10 the single filter and correlator, and the signal quality mea- 

MHz, the CPI is 5 microseconds, and the frequency offset F 0 sured. The superior of the two signals 165, 166 is selected 

is 100 KHz. Thus, when the two antenna signals 140, 141 are for communication thereafter until the measured signal 

overlaid by summer 151, the composite signal occupies a 65 quality deteriorates to an unacceptable level, 

bandwidth of only 10.1 MHz and can be sent over a single Another known technique used in selecting among a 

backhaul cable 152 having a nominal 10 MHz bandwidth plurality of antenna signals is known as combining diversity. 
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In such a technique, parallel hardware is used to demodulate In the system of FIG. 4, a receiver system 210 receives an 

and despread the signals 165, 166, and to measure signal RF signal 113 from a transmitter 114, which may be one of 

quality. One or more of the signals 165, 166 is dynamically a plurality of transmitters 114 (as shown in FIG. 1) from 

selected for communication. A maximum likelihood estima- which the receiver system 210 may receive the RF signal 

tor may also be used in conjunction with combining diver- 5 113. 

sity techniques, whereby the signals 165, 166 are weighted The receiving system 210 of FIG. 4 comprises at least two 

depending on their signal quality prior to being combined antennas 230 and 231 which are spatially separated. In 

according to their weighted values. response to receiving the transmitted signal 113, a plurality 

The described techniques are meant to be illustrative and of antenna signals 240, 241 are generated by the antennas 

not exhaustive of the various antenna selection methods that 10 230, 231, respectively. Because the antennas 230, 231 are 

may be employed in the FIG. 2 system, and description spatially separated, they may experience different fading 

thereof is by no means intended to limit the scope of the effects and path losses. The antenna signals 240, 241 may 

invention to only those particular antenna selection methods. therefore differ in amplitude and phase, and may also 

An advantage of the FIG. 2 system is that it preserves experience slight deviations in frequency, 

potentially limited bandwidth of the backhaul cable system. 15 In response to receiving the transmitted signal 113, a 

The FIG. 2 system may be contrasted with conventional plurality of antenna signals 240, 241 are generated by the 

techniques (such as shown in FIG. 1), wherein each antenna antennas 230, 231, respectively. The antenna signals 240, 

signal 110 to be transmitted over a backhaul cable 105 adds 241 are code division multiplexed prior to transmission on 

an extra full signal bandwidth requirement to the backhaul the backhaul cable 199 using a spread spectrum transmission 

cable system. Thus, if each antenna 103 in the conventional 20 technique. 

system is to receive a spread spectrum signal of 10 MHz and l n one embodiment in accordance with FIG. 4, each 

send it to a base station over a single backhaul cable 105, antenna signal 240, 241 is modulated with a different chip 

then two receiving antennas would require a backhaul code and then transmitted over a backhaul cable 199. Thus, 

capacity in the cable of 20 MHz, three receiving antennas the first antenna signal 240 is modulated with a first chip 

would require a capacity of 30 MHz, and so on. As the code 193 by a modulator 180 to generate a spread spectrum 

bandwidth requirements for the backhaul cable 105 increase signal 195. The second antenna signal 241 is modulated with 

proportionately to the number of receiving antennas, so does a second chip code 194, distinct from the first chip code 193, 

the cost and complexity of the antenna electronics. by another modulator 181 to generate another spread spec- 

Moreover, there are practical limitations to the number of 3Q trum signal 196. The modulators 180 and 181 may each 

antenna signals that may be transmitted over a backhaul comprise a modulo-2 adder or an exclusive-OR gate, 

cable in the conventional manner. For example, backhaul The spread spectrum signals 195 and 196 are combined 

cables, and/or the electronics used for transmitting signals DV a summer 182. An output of the summer 182 is a 

over backhaul cables, generally have a limited bandwidth combined signal (also called a backhaul signal herein), 

capacity, e.g. 25 MHz, particularly with respect to upstream 35 which is transmitted along the backhaul cable 199. The 

transmission of information. This limited capacity effec- backhaul signal essentially comprises two overlaid signals, 

tively limits the number of antennas that may be connected which are antenna signal 240 modulated by the first spread 

to a single backhaul cable, and the number of antenna spectrum code 193, and antenna signal 241 modulated by the 

signals that may be transmitted thereover. Such a limitation second spread spectrum code 194. Prior to transmission over 

can be a drawback in existing systems in which expensive 4Q the cable 199, the backhaul signal is preferably downcon- 

backhaul cables of limited bandwidth have been deployed, verted to an intermediate frequency or a baseband frequency, 

but where additional receiving antennas are desired but using one or more mixers, filters, amplifiers or other elec- 

cannot be deployed due to bandwidth constraints of the tronics and reconverted to a suitable IF at the receiver end 

existing system. (not shown). For example, the backhaul signal may be made 

In contrast, an aspect of the present invention as 45 suitable for transmission over a coaxial cable, fiber optic 

embodied, for example, in the system of FIG, 2, provides the cable, or other type of transmission media using methods 

ability to transmit multiple antenna signals over a relatively known in the art. Alternatively, circuitry for converting the 

narrow bandwidth. This ability allows the use of backhaul antenna signals 240, 241 to an intermediate frequency or a 

cables of limited bandwidth capacity, such as existing back- baseband frequency may be located further upstream at each 

haul cables commonly used in cable TV systems, and may 50 antenna, at the expense of additional or possibly duplicative 

also require the use of fewer amplifiers and other supporting hardware. 

electronics to transmit antenna signals over the backhaul At the other end of the cable 199, the combined signal is 

cable. split by a splitter 183 into two duplicate signals 184, 185. 

The FIG. 2 embodiment is suitable for many diverse One duplicate signal 184 is despread and correlated with the 

applications, including communication systems using direct 55 first spread spectrum signal 193 by a correlator 186. The 

sequence or frequency hopping spread spectrum communi- other duplicate signal 185 is despread and correlated with 

cation techniques. The FIG. 2 embodiment may not be the second spread spectrum code 194 by another correlator 

optimal for use in a system using solely time division 187. Each of correlators 186, 187 may comprise a correlator 

multiple access (TDMA) techniques, without the addition of such as shown in FIG. 5, or any of the patents previously 

spread spectrum encoding. $o incorporated herein. 

FIG. 4 is a functional block diagram of another embodi- An output 188 of correlator 186 is coupled to a port 190 

ment of the invention. The FIG. 4 embodiment may be used of a receiver 192 (e.g., a base station). An output 189 of the 

in conjunction with a pure TDMA system, or a variety of other correlator 187 is coupled to another port 191 of the 

other communication systems. Although the FIG. 4 embodi- base station 192. As explained below, the output of correla- 

ment is shown for convenience with two antennas, the 65 tor 186 is essentially a recovered version of the first antenna 

described techniques are extensible to an arbitrary number signal 240, and the output of correlator 187 is essentially a 

of antennas as required by a particular application. recovered version of the second antenna signal 241. 
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Correlator 186 receives from the cable 199 the backhaul Local reference signal 605 is correlated with the input 

signal which, as noted, comprises the first antenna signal signal 604, such as signal 184 or 185, using correlator 607, 

240 modulated by the first spread spectrum code 193, and Local reference signal 606 is correlated with the input signal 

the second antenna signal 241 modulated by the second 604 using correlator 608. Upon correlation, the output 609 

spread spectrum code 194. Correlator 186 correlates the 5 0 f correlator 607 will ordinarily be a triangular function two 

backhaul signal with the first spread spectrum code 193, and caips ^ds. Likewise, upon correlation, the output 610 of the 

in doing so recovers the first antenna signal 240 encoded correlator 608 will ordinarily be a triangular function two 

with the same spread spectrum code 193 However, corr- chi ^ but offset in time ^ t tQ m m b 

elator 186 rejects the^cond antenna signal 241, which has ^ amQunt of M between ^ m cfai and ^ (N _ 1)th 

been encoded with the second spread spectrum code 194^ 1Q chi ^ 6Q9 of m fc \ M 

The correlator 186 thereby essentially converts the second r , , 4 \ M , . - , r t ^ no . 

, ^1 . 4 \ .i j l c * j * ** * envelope detector 611. The output 610 of correlator 608 is 

antenna signal 241 into noise, as the product of two distinct « \ . 4 . . . *, , ^ * 

,. , , c ' . . 1M , ... coupled to another envelope detector 612. 

chip codes (such as the first chip code 193 and second chip r r 

code 194) generally creates a signal having a noise-like An out P ut from each of the envelope detectors 611, 612 

distribution ^ coupled to an m put °f a comparator 615, which generates 

Correlator 187 operates on the same principle for recov- 15 a composite correlation output 616 The composite correla- 

ering the second antenna signal 241 while rejecting the first U ? n ou fP ul * 16 ' » sb °™ m Fl ?\ c 6B C > d o"ble-peaked 

antenna signal 240. By operation of correlators 186 and 187, ^angular shape in winch one-half of the double triangle is 

antenna signals 240 and 241 are thereby decoupled from one mvert ^' so ,ha ' ^ composite correlat.on has a linear region 

another centered around the point halfway between the two corre- 

. t c * r i » aoh j^ot i j 20 lation maxima. The composite correlation output 616 is 

Outputs from each of correlators 186 and 187 are coupled , j4 , c . il n , , , . , 

* j o- * _* mn +m c *u u * *■ 1 n-i tu *u coupled to a loop filter 620 and used to control a clock 

to different ports 1 90, 191 of the base station 192. Thus, the r , r u 4 n , .„ 4 

u , 1M . t * . i . source 621, such as a voltage controlled oscillator (VCO), 

base station 192 simultaneously receives a recovered version « , , ^-^ . . j 4 , i , ^4 

r .« c . . . - M „ 4 c . . + nA . The clock source 621 is coupled to a clock network 622, 

of the first antenna signal 240 at the first port 190 and a , . , j t 1 • i t^i r i i * *t_ 

, . c z j • i -M-i . .u which provides a code clock signal 623 for clocking the 

recovered version of the second antenna signal 241 at the , n r A , , . , , . & , , 

second ort 191 locally generated spread spectrum code. The delay lock 

4M , , , . , tracking loop 601 thereby causes the local reference signals 

The correlators 186, 187 may embody chelation tech- m m tQ ^ tfae mcomi ^ , 604 at a int hdfw 

tuques such as described in U.S. Pat. Nos. 5,016,25, 5,022, between tfae maximum ^ the minimum o£ ^ composite 

047, or described herein with respect to FIG. 5, or as correlation output 616 . 

described in any of the patents previously incorporated by in .... .. 

reference. The precise correlation method selected depends u Further t Stalls regarding delay lock tracking loops and 

in part on hardware constraints and the particular spread ° ther trackm § techniques may be found in R Dixon, Spread 

spectrum encoding scheme employed by modulators 180, ^T/^'T/ 'T^r^^i^^'^ ( 

181. Correlation may be either serial or parallel, either & Sons ' 3d ed 1994 >» P a § es 254 ~ 264 ' 

coherent or non-coherent, and may utilize synchronization 35 Alternatively, an auto-synchronous correlator, such as that 

and tracking techniques (if necessary) as described in the described in each of U.S. Pat. Nos. 5,724,383, 5,761,239, 

previously referenced patents or as otherwise known in the and 5,790,591 referenced previously herein, may be used for 

art each of correlators 186, 187, eliminating at least some of the 

For example, the FIG. 4 embodiment may use a delay lock additional overhead for maintaining synchronization, 
tracking loop 601 such as shown in FIG. 6Afor maintaining 40 In a P re f erred embodiment, each antenna signal 240, 241 
synchronization between modulators 180, 181 and correla- & spread spectrum encoded using a code sequence that is a 
tors 186, 187. The problem addressed by a delay lock Walsh function. Walsh function code sequences for spread 
tracking loop may be described as follows. Although an spectrum encoding are known in the art. Orthogonal Walsh 
identical version of spread spectrum code 193 may be functions are selected for each antenna signal 240, 241; thus, 
generated locally at both modulator 180 and correlator 186, 45 spread spectrum code 193 comprises a first Walsh function, 
the local versions of spread spectrum code 193 may be and spread spectrum code 194 comprises a second Walsh 
delayed in time from one another. Likewise, although an function orthagonal to the first Walsh function. The spread 
identical version of spread spectrum code 194 may be spectrum encoded signals 195, 196 are, after being corn- 
generated locally at both modulator 181 and correlator 187, bined and transmitted over the cable 199, despread using the 
the local versions of spread spectrum code 194 may be 50 same orthogonal Walsh functions 193, 194, respectively, 
delayed in time from one another. Assuming initial synchro- orthogonal Walsh functions provide sufficient isolation 
nization has already been accomplished (e.g., by using a between antenna signals 240, 241 so that frequency isolation 
sliding coincidence correlator or similar means), the amount SUCD as described with respect to FIGS. 2 and 3A-3C is 
of delay between the local versions of the spread spectrum generally unnecessary. 

codes 193, 194 is usually one or two chips. 55 In one embodiment, one of the Walsh functions 193, 194 
In the delay lock tracking loop 601 of FIG. 6A, two local ^ a sequence of all l's. Use of such a Walsh function 
reference signals 605, 606 having a time delay are essentially eliminates the need for one branch of hardware, 
generated, and are used for comparison with a single incom- F° r example, the second modulator 181 and second con- 
ing signal 604 in two separate correlators 607, 608. A elator 187 could be eliminated in this embodiment, and the 
register 630 stores all or a portion of a locally generated 60 first spread spectrum code 193 would preferably be selected 
version of a spread spectrum code, such as spread spectrum so as to be orthagonal with a sequence of all l's. 
code 193 or 194. Local reference signal 605 is derived from If orthagonal Walsh functions are not used, then slight 
the last chip (i.e., the Nth chip) stored in register 630, while frequency isolation may be desirable between the spread 
local reference signal 606 is derived from the next to last spectrum signals 195, 196. The required isolation between 
chip (i.e., the (N-l)th chip) stored in register 630. Local 65 the spread spectrum signals 195, 196 is generally low. This 
reference signals 605 and 606 are thereby delayed by one is so because a frequency separation for spread spectrum 
chip time from one another. signals does not generally have to be large in comparison 
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with the bandwidth of the spread spectrum signals. The 
frequency offset chosen should be sufficient to cause lack of 
correlation of each spread spectrum signal 195, 196 by a 
correlator matched to the other spread spectrum signal. Also, 
as noted with respect to FIG. 2, the level of interference 
between the two overlaid spread spectrum signals is in many 
cases reduced because one of the two antenna signals 240, 
241 will dominate the other at least to some degree over 
periods of time, reducing the need for additional isolation. 

Spread spectrum encoding techniques, such as M-ary 
techniques, may be employed at the first and second modu- 
lators 180, 181. In such a case, the first and second correla- 
tors 186, 187 may comprise corresponding hardware as 
conventionally used in the art for despreading and decoding 
the backhaul signal. 

The ports 190, 191 may each comprise a filter 200, 201, 
respectively, and, if a spread spectrum signal is being 
received, a despreading and/or correlating circuit 202, 203, 
respectively. Despreading/correlatmg circuits 202, 203 may 
each comprise a correlator such as described in the previ- 
ously cited patents or for example as shown in FIG. 5. The 
signal received at antennas 230, 231 need not be a spread 
spectrum signal, and thus each of the ports 190, 191 may 
comprise appropriate hardware for demodulating the par- 
ticular type of signals sent. 

The base station 192 may thereafter select one or more of 
the signals 188, 189 for communication, and thereby select 
one or more of the antennas 230, 231 based on the relative 
quality of the signals 188, 189, in a manner similar to that 
described with respect to the FIG. 2 embodiment. Thus, for 
example, the base station 192 may utilize selection diversity, 
combining diversity, or any other type of antenna selection 
method as known in the art. 

The present invention may be used in polarization diver- 
sity. In polarization diversity, a single antenna may have a 
vertical polarization signal and a horizontal polarization 
signal requiring transmission to a receiver. To deliver both 
the vertical and the horizontal polarization signals normally 
requires the ability to send a signal having twice the band- 
width as the received signal. Applying the inventive tech- 
niques described herein to polarization diversity, the vertical 
and horizontal polarization signals, like diverse antenna 
signals 140 and 141, may be combined for transmission 
along a single cable. 

In another alternative embodiment, time division multi- 
plexing may be used to increase the throughput over a 
backhaul cable 152 (or 199). In time division multiplexing, 
a defined time period is divided into a plurality of time 
frames, and each time frame is further divided into a 
plurality of time slots. Each antenna signal 140, 141 (or 240, 
241) may be periodically sampled using A/D sampling at a 
rate corresponding to at least twice the bandwidth of the 
received signal. Each time slot of a time frame may be 
assigned to a specific antenna and used for transmission of 
the data sampled from that antenna. Generally, each antenna 
would be serviced in at least one time slot in each time 
frame. For example, the first time slot may be used to 
transmit sampled data from the first antenna, the second time 
slot to transmit sampled data from the second antenna, and 
so on, until data from all the antennas is transmitted over the 
backhaul cable. Each additional antenna therefore increases 
the number of necessary time slots proportionately. A con- 
ventional cable suitable for TD MA transmission is a SONeT 
cable. 

Although embodiments have been described with respect 
to systems utilizing diverse antenna signals, it is contem- 
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plated that the inventive techniques set forth herein are 
usable and workable in other systems, and can without 
undue modification or experimentation be applied to related 
systems and applications that would benefit from such 
techniques. The scope of the rights conferred shall not be 
limited, therefore except within the spirit and scope of the 
appended claims. 
I claim: 

1. A communication system, comprising: 

a plurality of antennas generating a plurality of antenna 
signals in response to said plurality of antennas receiv- 
ing a radio frequency signal; 

a combining circuit having a plurality of inputs coupled to 
said plurality of antennas and an output from which a 
backhaul signal incorporating antenna signals from 
said plurality of antennas is output, said combining 
circuit including (a) a plurality of modulators having a 
plurality of inputs coupled to said plurality of antennas 
and a plurality of outputs, and (b) a summer circuit 
having a plurality of inputs coupled to said plurality of 
outputs of said plurality of modulators and an output; 

a backhaul cable connected to said output of the summer 
circuit to conduct said backhaul signal from said output 
of said combining circuit to a second end thereof; 

a decoupling circuit having an input coupled to said 
second end of said backhaul cable to separate said 
backhaul signal so as to generate a plurality of recov- 
ered antenna signals correlating to said plurality of 
antenna signals; and 

a receiver having a plurality of ports coupled to receive 
said plurality of recovered antenna signals from said 
decoupling circuit; 

the backhaul signal having a bandwidth substantially less 
than a sum of bandwidths of the plurality of antenna 
signals. 

2. The communication system of claim 1 wherein: 
said decoupling circuit includes (a) a splitter having an 

input coupled to said second end of said backhaul cable 
and a plurality of outputs, and (b) a plurality of corr- 
elators having a plurality of inputs coupled to said 
plurality of outputs of said splitter and a plurality of 
outputs coupled to said plurality of ports of said 
receiver; 

said plurality of modulators modulate the plurality of 
antenna signals with respective Walsh function codes 
each selected from a set of orthogonal Walsh functions. 

3. The communication system of claim 1 wherein: 

said receiver selects at least one of said plurality of 
recovered signals in response to a plurality of reception 
qualities of said plurality of recovered antenna signals. 

4. The communication system of claim 3 wherein said 
receiver uses selection diversity for selecting said at least 
one of said plurality of recovered signals. 

5. The communication system of claim 3 wherein said 
receiver uses combining diversity for selecting said at least 
one of said plurality of recovered signals. 

6. A communication system, comprising: 

at least two antennas for receiving signals from a remote 
device; 

a combining circuit capable of receiving an input from 
each of said at least two antennas and generating an 
output having a combined signal that includes said 
signals received from said at least two antennas, said 
combining circuit including (a) modulators having 
inputs coupled to said antennas and outputs, and (b) a 
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summer circuit having inputs coupled to said outputs of 
said modulators and an output; said combined signal 
having a bandwidth that is substantially less than the 
sum of the bandwidths of said input from each of said 
at least two antennas; 

a backhaul cable, coupled to the output of the summer 
circuit, capable of transmitting said generated output of 
said combining circuit; 

a decoupling circuit capable of receiving said generated 
output of said combining circuit from said backhaul 
cable and capable of separating said generated output 
of said combining circuit to respective signals received 
from said at least two antennas. 

7. The communication system of claim 6 wherein said 
input from each of said at least two antennas is spread 
spectrum encoded and combined to generate said combined 
signal. 

8. The communication system of claim 7 wherein said 
input from each of said at least two antennas is code division 
multiplexed to generate said combined signal. 

9. The communication system of claim 8 wherein: 

an output of one of said plurality of antennas is modulated 
with a first chip code and an output of another said 
plurality of antennas is modulated with a second chip 
code, said first chip code and said second chip code 
being distinct. 

10. The communication system of claim 6 wherein said 
receiver is capable of selecting at least one of said signals 
from said at least two antennas in response to a plurality of 
reception qualities of said signals from said at least two 
antennas. 

11. The communication system of claim 6 wherein said 
receiver is capable of selecting at least one of said signals 
from said two antennas using selection diversity. 

12. The communication system of claim 6 wherein said 
receiver is capable of selecting at least one of said signals 
from said two antennas using combining diversity, 

13. A method of receiving a wireless signal comprising: 
generating an antenna signal from each of at least a 

plurality antennas in response to the wireless signal; 
combining each of said antenna signals into a backhaul 
signal having a bandwidth that is substantially less than 
the sum of each of said signals, wherein combining 
each of said antenna signals into a backhaul signal 
comprises: 

modulating the antenna signals; and 
adding the modulated antenna signals at summer cir- 
cuits; 

transmitting said backhaul signal through a backhaul 
cable; 

separating said backhaul signal into recovered antenna 
signals correlating to each of said antenna signals 

selecting at least one of said recovered antenna signal 
according for processing. 

14. The method as claimed in claim 13 wherein combin- 
ing each of said antenna signals into a backhaul signal 
includes incorporating each of said antenna signal into a 
backhaul signal using a spread spectrum encoding tech- 
nique. 

15. The method as claimed in claim 14 wherein combin- 
ing each of said antenna signals into a backhaul signal 
includes code division multiplexing each of said antenna 
signal. 
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16. The method as claimed in claim 13 wherein combin- 
ing each of said antenna signals into a backhaul signal 
includes modulating each of said antenna signals with a chip 
code, said chip code for each of said antenna signals being 
distinct. 

17. The method as claimed in claim 13 wherein selecting 
at least one of said recovered antenna signal according for 
processing includes selecting at least one of said recovered 
antenna signal using selection diversity. 

18. The method as claimed in claim 13 wherein selecting 
at least one of said recovered antenna signal according for 
processing includes selecting at least one of said recovered 
antenna signal using combining diversity. 

19. The method as claimed in claim 13 further comprising 
downconverting said backhaul signal to a baseband fre- 
quency prior to transmitting said backhaul signal. 

20. The method as claimed in claim 13 wherein separating 
said backhaul signal into recovered antenna signals corre- 
lating to each of said antenna signals includes splitting said 
backhaul signal into duplicate signals and recovering a 
respective antenna signals from each of said duplicate 
signals. 

21. A communications system, comprising: 

at least two antennas for receiving signals from a remote 
device; 

a combining circuit capable of receiving an input from 
each of said at least two antennas and generating an 
output having a combined signal generated by code 
division multiplexing said signals received from said at 
least two antennas using a spread spectrum transmis- 
sion technique; said combining circuit including (a) 
modulators receiving the input from each of said at 
least two antennas and generating outputs, and (b) a 
summer circuit having inputs coupled to said outputs of 
said modulators and an output; 

a backhaul cable capable of transmitting said generated 
output of said combining circuit; 

a decoupling circuit capable of receiving said generated 
output of said combining circuit from said backhaul 
cable and capable of separating said generated output 
of said combining circuit to respective signals received 
from said at least two antennas. 

22. The communication system claimed in claim 21 
wherein an output of one of said plurality of antennas is 
modulated with a first chip code and an output of another 
said plurality of antennas is modulated with a second chip 
code, said first chip code and said second chip code being 
distinct. 

23. The communication system of claim 21 wherein said 
receiver is capable of selecting at least one of said signals 
from said at least two antennas in response to a plurality of 
reception qualities of said signals from said at least two 
antennas. 

24. The communication system of claim 21 wherein said 
receiver is capable of selecting at least one of said signals 
from said two antennas using selection diversity. 

25. The communication system of claim 21 wherein said 
receiver is capable of selecting at least one of said signals 
from said two antennas using combining diversity. 



03/14/2004, EAST Version: 1.4.1 



